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® The invention relates to a fixing agent, for fixing 
organic and inorganic impurities containing material, 
which comprises an organophilic clay material and a 
clay-growth agent. The clay-growth agent comprises 
at least one magnesium compound and/or at least 
one aluminium compound, and an initiator for clay 
formation. This initiator is a silicon-containing ma- 
terial, such as a glass or a silicon-containing rock, 
such as pumice, basalt or andasite. The magnesium 
compound preferably originates from , granulated 
blast furnace slags, or is magnesium oxide, whereas 
the aluminium compound is expediently aluminium 
oxide or an alumina containing material. An oxidising 
agent can also be present. A method for fixing 
organic and Inorganic impurities containing material 
to an at least partially organophilic clay material in 
an aqueous medium, and, if desired, hardening the 
resulting material using an inorganic reagent and, 
where appropriate, a hardening activator, is also de- 
scribed. This method is in particular characterised in 
that the organic and inorganic impurities containing 
material Is also fixed to and/or enclosed in clay 
material to be formed in situ. Finally, a synthetic clay 
material is described which can be obtained from a 
mixture of ferric sulphate, magnesium oxide and/or 
aluminium oxide, potassium persulphate, silicon ox- 
ide and, optionally, manganese sulphate and/or alu- 
minium sulphate. 
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The invention relates to a fixing agent for fixing 
organic and inorganic innpurities containing nna- 
teriaf. at least connprising an organophilic clay ma- 
lerial. 

A fixing agent of this type is known and com- 
prises and organophilic clay such as a smectite, 
and more particularly a modified clay, which ma- 
teria! in particular is capable of binding the organic 
impurities which are sparingly soluble in water. By 
additionally incorporating a quantity of unmodified 
clay in the fixing agent, it is also possible to bind 
the inorganic impurities present. A material com- 
prising impurities of this type can then be con- 
verted, using a cement, Into a product which has 
the characteristics of hardened concrete. 

It is pointed out that, as a result of the increas- 
ingly stringent requirements as laid down in several 
laws and regulations relating to the processing and 
re-use of toxic waste, there is a growing need for 
agents and processes for binding toxic substances, 
both of inorganic and of organic nature, in such a 
way that leaching-out is virtually impossible. In 
addition, agents which make In situ immobilisation 
possible are being increasingly preferred. 

Further, it is pointed out that by toxic waste of 
inorganic nature also material comprising radioac- 
tive cations must be understood. Because such 
impurities are. already in small amounts, a threat 
for man and beast, a material with which such 
impurities can be captured and thus be made 
harmless, is extremely desirable. 

Surprisingly, a fixing agent for fixing organic 
and Inorganic waste has now been found which can 
comply with this requirement for in situ immobilisa- 
tion. 

The fixing agent according to the invention is 
characterised in that it also comprises a clay- 
growth agent. The consequence of the presence of 
the clay-growth agent is that an existing clay matrix 
can increase in size, as a result of which more 
impurities can be bound to the clay matrix and 
therefore can be immobilised. 

Preferably, the clay-growth agent comprises at 
least one magnesium compound and/or one alu- 
minium compound, as well as an initiator for clay 
formation. The presence of such an initiator offers 
the possibility for allowing the growth of the clay 
matrix to take place at a chosen, arbitrary time. 

Expediently the initiator for clay formation com- 
prises a silicon-containing material, preferably a 
glass or a silicon-containing rock. In connection 
with its function as initiator, the silicon-containing 
material must be as fine as possible. 

If a silicon-containing rock is used as initiator 
for clay formation said rock preferably has a high 
SiOa content. Examples of such material are pum- 
ice, basalt or andasite. However, this list is not 
limiting; other mineral substances can also be used 
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as initiator for clay formation provided the Si02 
content thereof is sufficiently high. 

The fixing agent according to the Invention 
preferably contains approximately 1 to 6% by 
5 weight of silicon-containing material as initiator, this 
quantity being calculated as the SiOs content. 

The magnesium compound present in the fix- 
ing agent preferably originates from granulated 
blast furnace slags or is magnesium oxide, where- 
10 as the aluminium compound is preferably alumin- 
ium oxide or an alumina containing material. 

Expediently the clay-growth agent also com- 
prises an oxidising agent, preferably a persulphate 
and in particular potassium persulphate. Although 
75 the effect of an oxidising agent for clay formation is 
not entirely clear, it is assumed that it acts more or 
less as a reaction accelerator because it is capable 
of liberating the latent energy present in glass and 
in natural rock having a high SiOacontent and using 
20 this energy for clay formation. 

The fixing agent according to the invention also 
preferably comprises an iron compound, in particu- 
lar iron(lll) sulphate. If desired, the fixing agent can 
also comprise a manganese compound, such as 
25 manganese sulphate. 

The invention also relates to a nr>ethod for 
fixing organic and inorganic impurities containing 
material to an at least partially organophilic clay 
material in an aqueous medium and, if desired. 
30 hardening the resulting material using an inorganic 
reagent and, where appropriate, a hardening activa- 
tor. 

A method of this type is disclosed In Nether- 
lands Patent Application No. 8901240. The clay 

35 mineral used In this method is a modified type of 
clay, as a result of which organic compounds can 
also be absorbed on the clay. 

However, the drawback of this known method 
Is that the amount of material to be absorbed on 

40 the clay is dependent on the amount of clay 
present. In practice it is consequently frequently 
compulsory to use a sufficient excess of clay ma- 
terial to be able to be sure that the material will 
comply with diverse leaching tests after incorpora- 

45 tlon in a cement matrix. 

A method has now been found which over- 
comes this drawback. 

The method according to the invention is 
characterised in that the organic and inorganic im- 

50 purities containing material is also fixed to and/or 
enclosed in clay material to be formed in situ. The 
In situ formation of clay has the additional advan- 
tage that the clay matrix is, as it were, formed 
around the material to be fixed, as a result of which 

55 excellent fixing is obtained and leaching-out, even 
over time, is virtually impossible. This is of great 
Importance, especially when large organic mole- 
cules are present which can be adsorbed only at 

2 
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the surface of a clay matrix. 

Moreover, waste material may comprise radio- 
active cations, such as for example cesium; such 
cations are also captured expediently by means of 
the in situ formalion of clay- 

Preferably, the clay material is formed in situ 
using a clay-growth agent which comprises at least 
one magnesium compound and/or one aluminium 
compound as well as an initiator for clay formation. 

Expediently the initiator for clay formation con- 
sists of a silicon-containing material, in particular a 
glass or a silicon-containing rock, which, for exam- 
ple, can be chosen from pumice, basalt or an- 
dasite. However, another rock can also be used 
provided the silicon oxide content thereof is suffi- 
ciently high. 

It has been found that the use of 1 to 6% by 
weight of silicon-containing material, calculated as 
the Si02 content thereof, gives good results. 

The magnesium compound used preferably 
consists of magnesium oxide. An advantageous 
alternative is a magnesium compound which can 
be obtained from granulated blast furnace slags. It 
is pointed out that granulated blast furnace slags 
can contain up to about 12% of magnesium oxide, 
so that the use of such slags on the one hand 
leads to an expansion of the ctay matrix and on the 
other hand can make it possible to form a cement 
matrix. 

As the aluminium compound preferably alumin- 
ium oxide or an alumina containing material is 
used. 

More particularly, the clay material is formed in 
the presence of an oxidising agent, preferably a 
persulphate, such as potassium persulphate, and 
an iron compound, preferably iron(lll) sulphate. It is 
assumed that the oxidising agent results in an 
acceleration of the clay formation reaction. 

Finally, the invention also relates to a synthetic 
clay material which can be formed from a mixture 
of a magnesium compound, and/or an aluminium 
compound, an iron compound, an oxidising agent 
and an initiator for *clay formation, the oxidising 
agent preferably consisting of potassium persul- 
phate, whilst the initiator for clay formation is a 
silicon oxide-containing material, such as a glass. 
The clay material can expediently be obtained form 
a mixture of 15-25 parts of ferric sulphate, 15-28 
parts of magnesium oxide and/or aluminium oxide, 
10-25 parts of potassium persulphate, 1-6 parts of 
silicon oxide and, optionally, 15-25 parts of man- 
ganese sulphate and/or 10-20 parts of aluminium 
sulphate. 

The invention is illustrated in more detail with 
the aid of the following non-limiting examples. 



Example 1 

A bentonite clay modified by alkylammonium 
groups was finely ground to a particle size of about 

5 200 mesh. This bentonlle clay was then incor- 
porated in a fixing agent composition, to which a 
hardening agent having the following composition 
and concentration: 
2.5% of magnesium oxide, 

10 2.0% of potassium persulphate, 
2.5% of ferric sulphate, 
6% of. gypsum, 
50% of Portland cement, and 
31% of granulated blast furnace slags 

75 had also been added. 

3% by weight of very finely ground glass were 
added, as initiator for clay formation, to the mixture 
thus formed. 

This mixture is used for the immobilisation of 

20 liquid industrial waste which contained a large 
amount of saturated long-chain hydrocarbons. The 
total concentration of the organic compounds was 
about 12%. 

An aqueous suspension was obtained from the 
25 above mixture, consisting of fixing agent, hardening 
agent and industrial waste, and this suspension 
was allowed to harden for 28 days. 

The leaching-out tests carried out with the har- 
dened material showed no detectable organic com- 
30 pounds. 

For comparison, the above experinnent was re- 
peated but without the addition of the finely ground 
glass. 

The leaching-out tests carried out with the har- 
35 dened material obtained after this test showed or- 
ganic compounds in a total concentration of about 
3%. 

Examination of the hardened material, obtained 
in both cases, under the microscope surprisingly 

40 showed that the clay matrix was appreciably larger 
in the first material described above. 

It is pointed out that the presence of gypsum 
leads to delayed hardening of the cement matrix. 
This mechanism is, Incidently, known per se. How- 

45 ever, in the process under consideration it is, as a 
result, also possible, if sufficient gypsum is 
present, also to be able to detect growth of the 
clay matrix even before complete hardening. 

50 Example 2 

Example 1 was repeated but only 1.5% of 
magnesium oxide were used, as well as 2.5% of 
manganese sulphate. 
55 The results of the leaching-out tests carried out 

with the material formed were completely com- 
parable with those of the product obtained accord- 
ing to Example 1. Comparative examination under 



<EP .05eO423AlJ_> 



5 



EP 0 560 423 A1 



6 



the microscope of the hardened material formed 
and material obtained without the addition of glass 
showed, in this case also, that the addition of glass 
had resulted in the formation of a larger clay ma- 
trix. 

Example 3 

Example 1 was repeated, but in place of 3% 
by weight of glass an equivalent amount, with re- 
spect to the SiOa content, of pumice in the finely 
ground state was used. 

The results were the same as those of Exam- 
ples 1 and 2. 

Replacement of pumice by basalt or andasite 
gave the same results. 

Example 4 



Example 1 was repeated, but by using an 
aqueous material contaminated with radioactive ca- 
tions such as ^3'Cs as industrial waste material. 

After the test, the radioactive cations appeared 
to be adsorbed and encapsulated into the clay 
matrix completely. 

The leaching-out tests carried out with the end- 
product gave as a result values which remained 
largely under the current standards. 

Claims 

1- A fixing agent for fixing organic and inorganic 
impurities containing material, at least compris- 
ing an organophilic clay material, characterised 
in that the fixing agent also comprises a clay- 
growth agent. 

2. A fixing agent according to claim 1. charac- 
terised in that the clay-growth agent comprises 
at least one magnesium compound and/or at 
least one aluminium compound, and an initiator 
for clay formation. 

3. A fixing agent according to claim 1 or 2. 
characterised in that the initiator for clay for- 
mation consists of a silicon-containing material. 

4. A fixing agent according to claims 1 to 3, 
characterised in that the silicon-containing ma- 
terial consists of a glass or a silicon-containing 
rock, said silicon-containing rock preferably 
consisting of pumice, basalt or andasite, the 
fixing agent containing 1-6% by weight of 
silicon-containing material, calculated as the 
Si02 content of the material. 

5. A fixing agent according to claims 1 to 4. 
characterised In that the magnesium com- 



pound originates from granulated blast furnace 
slags or is magnesium oxide, and the alumin- 
ium compound consists of aluminium oxide or 
an alumina containing material. 

5 

6. A fixing agent according to claims 1 to 5, 
characterised in that the clay-growth agent also 
comprises an oxidising agent, preferably a per- 
sulphate, in particular potassium persulphate 

10 and an iron compound, preferably iron(lll) sul- 

phate. 

7. A method for fixing organic and inorganic im- 
purities containing material to an at least par- 
rs tially organophilic clay material in an aqueous 

medium, and, if desired, hardening the result- 
ing material using an inorganic reagent and. 
where appropriate, a hardening activator, 
characterised in that the organic and inorganic 
20 impurities containing material is also fixed to 

and/or enclosed in clay material to be formed 
in situ. 

8. A method according to claim 7, characterised 
25 in that the clay material is formed in situ using 

a clay-growth agent which comprises at least 
one magnesium compound and/or at least one 
aluminium compound, and an initiator for clay 
formation. 

30 

9. A method according to claim 7 or 8, charac- 
terised in that the initiator for clay formation 
consists of a silicon-containing material, in par- 
ticular a glass or a silicon-containing rock, said 

35 silicon-containing rock being chosen from 

pumice, basalt or andasite and the clay ma- 
terial is formed using 1-6% by weight of 
silicon-containing material, calculated as the 
Si02 content of the material. 

40 

10. A method according to claims 7 to 9, charac- 
terised in that the magnesium connpound is 
obtained from granulated blast furnace slags, 
or consists of magnesium oxide, and the alu- 

45 minium compound is aluminium oxide or an 

alumina containing material. 

11. A method according to claims 7 to 10, charac- 
terised in that the clay material Is formed in 

50 the presence of an oxidising agent, preferably 

a persulphate such as potassium persulphate, 
and an iron compound, preferably Iron(lll) sul- 
phate. 

55 12. A synthetic clay material to be formed from a 
mixture of a magnesium compound and/or an 
aluminium compound, an Iron compound, an 
oxidising agent and an initiator for clay forma- 
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tion. 

13. A synthetic clay material according to claim 
12, characterised in that the oxidising agent is 
potassium persulphate and the initiator for clay s 
formation is a silicon oxide-containing material, 

in particular a glass. 

14. A synthetic clay material according to claim 12 

or 13, characterised in that the clay material ro 
can be obtained from a mixture of: 
15-25 parts of ferric sulphate. 
15 > 28 parts of magnesium oxide and/or alu- 
minium oxide, 

10-25 parts of potassium persulphate, 75 
1-6 parts of silicon oxide, 
and optionally, 

15-25 parts of manganese sulphate and/or' 
10-20 parts of aluminium sulphate. 

20 
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